Background and aims: The association of hepatic haemangiomas with female sex hormones is not entirely clear. We prospectively evaluated the impact of female sex hormones on the natural history of liver haemangiomas. Methods: We followed 94 women with 181 haemangiomas diagnosed by ultrasound for a period of 1-17 years (mean 7.3 (5.5) years). The location, number, size, and ultrasonographic pattern of the lesions were evaluated. Patients were also evaluated by questionnaire for gynaecological and reproductive history. We compared the change in number and size of haemangiomas in patients who received or did not receive exogenous hormonal treatment.
Background and aims: The association of hepatic haemangiomas with female sex hormones is not entirely clear. We prospectively evaluated the impact of female sex hormones on the natural history of liver haemangiomas. Methods: We followed 94 women with 181 haemangiomas diagnosed by ultrasound for a period of 1-17 years (mean 7.3 (5.5) years). The location, number, size, and ultrasonographic pattern of the lesions were evaluated. Patients were also evaluated by questionnaire for gynaecological and reproductive history. We compared the change in number and size of haemangiomas in patients who received or did not receive exogenous hormonal treatment.
Results: Age at first period was inversely associated with the size of haemangiomas (r = 0.181, p = 0.015) while age at menopause was positively correlated with the number of haemangiomas detected at first ultrasound (r = 0.542, p,0.0001). During follow up, no change in the ultrasonographic pattern or number of haemangiomas was observed. An increase in the size of the lesions was demonstrated in 5/22 (22.7%) hormone therapy exposed patients compared with 7/72 (9.7%) controls. Three variables (ultrasonographic pattern, number of haemangiomas, and hormone therapy) predicted whether or not a given haemangioma would increase in size. A hypoechoic pattern increased the risk of progression while a hyperechoic pattern decreases that risk (p = 0.003). The number of haemangiomas was inversely associated with the likelihood of progression (p = 0.006) and hormone therapy increased the risk of haemangioma enlargement (p = 0.05). Conclusions: Hepatic haemangiomas seem to be influenced by both endogenous and exogenous female sex hormones although significant enlargement occurs only in a minority of patients. Consequently, routine liver ultrasound follow up in women with hepatic haemangiomas receiving hormone therapy appears appropriate.
H epatic haemangiomas are benign hepatocellular neoplasms. They are most commonly found in women, with a female:male ratio of up to 5:1, emphasising the importance of excess of female sex hormones in these tumours. [1] [2] [3] Haemangiomas of the liver are usually detected incidentally by ultrasound. Lesions smaller than 6 cm in diameter characteristically demonstrate a well demarcated, homogeneous, hyperechoic ultrasonographic pattern that may establish the diagnosis in 80% of patients. 4 Larger haemangiomas are more heterogenous, often complicated by thrombosis, calcification, or haemorrhage, and require further imaging by computed tomography (CT) scan or magnetic resonance imaging (MRI).
Ultrasound surveillance may detect a spontaneous increase in the size of hepatic haemangiomas. 3 5 The natural history over long term follow up has not been previously reported. Several studies have reported that haemangioma size increases during pregnancy and during oestrogen therapy, suggesting a causative role for oestrogen in tumour growth [6] [7] [8] ; however, this association has not consistently been found. 3 Hepatic adenomas have been reported to express both oestrogen and progesterone receptors in approximately 73% of patients 9 although two case reports demonstrating sex hormone associated growth of hepatic haemangiomas failed to demonstrate oestrogen receptors in these tumours. 6 10 The aim of the present study was to evaluate the natural history of liver haemangiomas among women, identify prognostic variables linked to growth over time, and to determine if haemangioma growth or number is affected by endogenous or exogenous female sex hormones.
PATIENTS AND METHODS
Haemangiomas were detected incidentally from ultrasound check ups for other diseases, mainly gall bladder disease and nephrolithiasis. Between 1986 and 2003, 94 women were diagnosed with liver haemangioma and were followed for 1-17 years (mean 7.3 (5.5) years) in the Hepatogastroenterology Clinic at the ''St Marina'' University Hospital, Varna, Bulgaria. All patients underwent imaging follow up every three months in the first year and yearly thereafter. Location, number, size, and ultrasonographic pattern of the lesions were evaluated. Patients were diagnosed by ultrasound with a real time sector, curved array, and linear array scanners with 3.0, 3.5, 3.7, 5.0, and 6.0 MHz probes. Criteria for classifying a focal hepatic lesion as a haemangioma included a characteristic hyperechoic well delineated ultrasound pattern, absence of clinical symptoms, and normal liver enzymes. A single reader attempted to determine the number, size, location, and ultrasonographic features of all haemangiomas. Twenty six of these patients with ultrasonographically unclear findings, cases clinically doubtful for malignancy, or women with a history of other malignancies underwent CT with bolus intravenous contrast medium enhancement. Ten patients who had doubtful CT for malignancy underwent fine needle aspiration (FNA) biopsy. All patients with CT or FNA findings incompatible with haemangioma were excluded. None of the patients underwent MRI or tagged red blood cell studies.
In addition to radiological evaluation, patients were evaluated by questionnaire that included questions regarding: (a) age at first menstrual period, (b) number of pregnancies and deliveries, (c) age at menopause, and (d) hormone therapy (contraceptives, hormone replacement therapy, and other hormonal therapies). Subjects were characterised on the basis of exposure to exogenous oestrogen treatment, such that exposed subjects comprised the hormone therapy group and unexposed subjects served as the control group. Changes in the number and size of the haemangiomas were compared by exogenous oestrogen treatment exposure. Enlargement was defined as an increase of at least 0.5 cm during the observation period. Significant enlargement was defined as an increase in size .1 cm during follow up with a final diameter .2 cm. Large haemangiomas were defined as haemangiomas with a diameter .4 cm.
Data analysis
Analysis of the data was carried out using SPSS statistical analysis software (SPSS Inc., Chicago, Illinois, USA, 1999). For continuous variables such as age, haemangioma size, and duration of follow up, descriptive statistics were calculated and are reported as mean (SD). Categorical variables such as exposure to hormone therapy and location or pattern of ultrasound were described using frequency distributions.
Distributions of continuous variables were tested for normality using the Komolgorov-Smirnov test. Variables with distributions differing significantly from normal, such as number of pregnancies and age at first menstrual period, were compared by treatment assignment using the MannWhitney non-parametric U test. The t test for independent samples was used to detect differences in means of normally distributed continuous variables using exposure to hormone replacement therapy as the categorical variable. The x 2 test (exact, when possible) was used to detect differences in categorical variables by exposure to hormone replacement therapy. Associations between variables were described using Spearman's rho. Progression of haemangioma at the end point was described using logistic regression analysis, and odds ratios (OR) for progression with 95% confidence intervals (CI) were calculated. All tests were considered significant at p,0.05.
RESULTS

Patients
Mean age at the first examination was 48.4 (9.3) years (range 29-72). Characteristics of the women with liver haemangioma in the two groups, with and without hormone therapy, are summarised in table 1. Mean age at first menstrual period was 13.5 (1.39) years (range 11-16). Subjects had a median of 3.0 (range 0-18) pregnancies and 2.0 (range 0-5) deliveries. No women became pregnant during the study. At baseline, 58/94 (61.7%) women reported having gone through the menopause (some of them started the menopause during follow up). There were 72 women in the control group and 22 women who had received some exogenous female sex hormone therapy. All women had initiated hormonal treatment before the study, with a mean duration of 35 months (range 3-90). Hormone therapy included contraceptives (11/22; 50%), postmenopausal hormone replacement therapy (4/22; 18.1%), and progesterone preparations for regulation of menstrual periods (7/22; 31.9%).
Characteristics of liver haemangiomas
A total of 181 haemangiomas were detected. As shown in fig  1, 128/181 (70.8%) were located in the right lobe of the liver, 11/181 (6.0%) in the left lobe, and 42/181 (23.2%) in both lobes. Also shown in figure 1 is lesion 16/181 (8.8%) a heterogenous pattern, and only 4/181 (2.3%) were hypoechoic (fig 1) . During follow up, no change in the ultrasonographic pattern of the lesions was demonstrated. However, the size of the haemangiomas differed significantly by echoic appearance, such that haemangiomas with a heterogenous pattern were larger than those with a hyperechoic pattern (13 (3) cm v 3.2 (2) cm, respectively; p,0.0001). Age at first menstrual period was inversely associated with size of haemangioma at first ultrasound (r = 0.181, p = 0.015). Age at menopause was positively correlated with number of haemangiomas detected at first ultrasound (r = 0.542, p,0.0001). However, age at menopause was also marginally inversely associated with size of haemangioma at first ultrasound (r = 0.177, p = 0.054).
Change in number/size of haemangiomas
No change in the number of haemangiomas was observed during the study. Change in the size was determined in 12/94 patients (12.7%), of whom five had received hormone therapy (table 2) . Three variables (ultrasonographic pattern, number of haemangiomas, and hormone therapy) predicted whether or not a given haemangioma would increase in size although for hormone therapy this was only marginally significant. Specifically, hypoechoic pattern increased the risk of progression (OR 3.7 (95% CI 1.5-9.0); p = 0.0035). Haemangioma number was inversely associated with the likelihood that progression would occur (OR 0.27 (95% CI 0.11-0.68); p = 0.006). Finally, hormone therapy increased the risk of haemangioma progress (OR 3.02 (95% CI 0.99-9.12); p = 0.05). A multivariate model using ultrasonographic pattern, number of haemangioma, and forcing age into the model revealed similar accuracy, with overall significance of p,0.0001. Significant enlargement, as previously defined, occurred in only 6/181 haemangiomas, five of these in haemangiomas .2 cm at the initial observation. The solitary patient with a haemangioma ,2 cm and .1 cm had only 1.1 cm of growth over 12 years of follow up. Nevertheless, the increase in the size of the haemangiomas did not correlate with the initial size of the haemangiomas.
DISCUSSION
In this study, we attempted to evaluate the natural history of liver haemangiomas, influence of female sex hormones on growth characteristics, and diagnostic variables that can predict growth behaviour. During a long term follow up, an increase in size was observed in only 12.7% of women although this rate was higher than that found in previous reports. 3 11 Significant growth over time was even rarer, occurring in only 6.3% of patients. Parameters independently linked to growth included the ultrasonographic pattern (hypoechoic), presence of single or few haemangiomas on ultrasound, and hormone therapy.
Our results indicate that there is an association between female hormonal factors, such as age at first menstrual period and age at menopause, and number of hepatic haemangiomas. An increase in haemangioma size occurred in 22.7% of hormone therapy exposed patients compared with 9.7% of controls, representing more than a twofold increase, although the numbers were small. This effect was also evident when haemangiomas were analysed as a cohort. Specifically, 13.8% of haemangiomas identified in hormone treatment exposed women progressed compared with 4.8% of haemangiomas in controls. It is important to note that in almost 60% (7/12) of female patients with growth of haemangiomas there was no history of exposure to exogenous hormonal therapy.
In previous studies, the prevalence of hepatic haemangiomas varied between 1.4% and 20%, [12] [13] [14] with multiple lesions occurring in 9-22% of patients. 13 15 Even though very little is known about the aetiology of liver haemangioma, it has been suggested that haemangiomas are not neoplasms but congenital hamartomas. 13 Consequently, these lesions grow due to dilatation or ectasia of the vascular channels rather than proliferation of endothelial cells. 10 In this regard, other possible mechanisms for enlargement of cavernous haemangioma, such as bleeding or intratumoral thrombosis, have been proposed. 16 17 Alternatively, others have suggested that haemangiomas are true neoplasms and therefore their enlargement is accompanied by proliferation of new blood vessels in the lesion. 18 The high prevalence of these lesions in women, together with several publications on rapid growth of haemangiomas during pregnancy and after exogenous oestrogen or steroid administration, have suggested an important role for female sex hormones in the progression of these lesions.
1-3 Conter and Longmire documented four recurrences of giant haemangiomas, three of which occurred in women who had been receiving oral oestrogen therapy prior to and after their original surgery. 7 Takahashi et al described enlargement of multiple haemangiomas during seven years of steroid therapy for myasthenia gravis. 19 Furthermore, in patients with liver focal nodular hyperplasia, the development of which is suspected to be promoted by oral contraceptive use, 20 the prevalence of hepatic haemangiomas is elevated. 21 22 Based on clinical and experimental cardiovascular surgery data, it has been speculated that steroids may affect the micro architecture of the vascular wall, which is part of the cavernous haemangioma. 23 This may be mediated at least partially by the inhibitory effect of prednisone on collagen biosynthesis. 24 On the other hand, data supporting the fact that steroids may initiate or promote angiogenesis or neovascularisation is very limited. Schnaper et al reported that oestrogen enhances endothelial cell proliferation, migration, and organisation into capillary-like structures in vitro and augments experimental angiogenesis in vivo. 25 In contrast, in vitro studies suggest that certain steroids may inhibit angiogenesis. 26 These controversial reports demonstrate that the mechanism by which oestrogens may regulate endothelial cells turnover in liver tumours still needs to be clarified.
In summary, endogenous and exogenous female sex hormones seem to play a role in the pathogenesis of liver haemangiomas although significant enlargement occurs in only a minority of patients. None of our patients developed symptoms or complications related to the presence of these haemangiomas, questioning the need for observation, especially in patients with no risk for significant enlargement over time. However, routine liver ultrasound follow up in women with hepatic haemangiomas receiving hormone therapy appears appropriate.
EDITOR'S QUIZ: GI SNAPSHOT Answer
From question on page 1344
The is a case of angiomyolipoma of the liver causing Budd-Chiari syndrome. Angiomyolipomas are benign tumors commonly seen in the kidneys. In this patient it was an incidental finding detected on ultrasound. However, the tumour mass impinged on the hepatic veins causing hepatic venous outflow obstruction. The diagnosis is suggested by the rather acute onset of abdominal pain and ascitis and the presence of caudate lobe hypertrophy on computerised tomography scan. The findings of both fat and vascular tissue on magnetic reonance imaging suggest angiolipoma. The image shown is hepatic venography which shows absence of flow in the hepatic veins. The patient had a guided biopsy which showed fat and vascular tissue with marked immunoreactivity to smooth muscle actin and HMB-45 antibody, which is highly suggestive of angiomyolipoma. 
